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Abstract

Leptin is a peptide hormone product of the obese (ob) gene that functions in the regulation of appetite, energy expenditure
and reproduction in animals and humans. We have developed a technique using capillary electrophoresis with laser-induced
fluorescence detection (CE—LIF) for the analysis of chicken leptin (261 base pairs, bp) and B-actin (612 bp) double-stranded
DNA products from reverse transcription polymerase chain reaction (RT-PCR) assays. Amplicons were separated using a
DB-1 coated capillary (27 cmXx100 pwm 1.D.) at a field strength of 300 V/cm in a replaceable sieving matrix consisting of
0.5% hydroxypropylmethylcellulose (HPMC) in 1X TBE (89 mM Tris—base, 89 mM boric acid, 2 mM EDTA, pH 8.3)
buffer with 0.5 wg/ml EnhanCE fluorescent intercalating dye. RT-PCR samples (1-2 pl) were diluted 1:100 with deionized
water and introduced into the capillary by electrokinetic injection. Separations were completed in less than 6 min and the
total time required per sample, including capillary conditioning, was 8 min. We have applied RT-PCR—CE—L|F to determine
the effects of insulin and estrogen treatment on leptin gene expression relative to that of B-actin in chicken liver and adipose
tissue. In addition, we have constructed a chicken leptin mRNA competitor (234 bp amplicon) and evaluated it for use as an
internal standard in the development of a quantitative-competitive RT-PCR assay. Our findings represent the first reported
application of capillary electrophoresis to the analysis of leptin gene expression by RT-PCR. Published by Elsevier Science
BV.
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1. Introduction precursor that is subsequently cleaved to yield the
146-amino-acid (M, 16 000) mature form of the
protein [5]. Mature leptin contains a single, internal

disulfide bond and is secreted from its site of

Leptin, a polypeptide hormone, whose gene was
originally identified by positional cloning techniques

in rodents and humans, has been shown to function
in the regulation of feeding behavior, energy balance
and reproduction [1-4]. Encoded by the obese (ob)
gene, leptin is synthesized as a 167-amino-acid
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synthesis into the plasma. In mammals, leptin is
expressed primarily in adipose tissue in direct pro-
portion to the size of energy (fat) stores; although, its
expression has also been detected at lower levels in
gastric epithelium and in the placenta[6]. Leptin acts
through its specific receptor (ObR), a member of the
type | cytokine receptor superfamily, which is ex-
pressed in a variety of tissues throughout the body
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[7]. As an afferent signal (lipostat) in a postulated
negative-feedback loop between adipose tissue and
the central nervous system, leptin binds to its re-
ceptors located primarily in hypothalamic sites with-
in the brain activating specific neura pathways that,
in turn, modulate feeding behavior and energy
balance to maintain energy stores at a set level [8].

The regulation of leptin and leptin receptor gene
expression is actively being studied in a number of
animal species and humans because recessive muta-
tions in either of these two genes result in the
development of the pathological conditions of mor-
bid obesity, diabetes, and infertility [6]. Thereis aso
agreat deal of interest in understanding what role(s)
leptin might play in domestic animal species since
feeding behavior, energy balance and reproduction
each have a significant impact on the success and/or
profitability of animal agriculture [9]. Recently,
leptin genes have been identified in both chickens
and turkeys and their complete coding regions cloned
and sequenced ([10,11] GenBank Accession Nos.
AF012727, AF082500, AF082501). Unlike mam-
mals, leptin is expressed in the liver as well asin the
adipose tissue of chickens, and this situation, appar-
ently unique to avian species, undoubtedly reflects a
prominent role for the liver in the regulation of
lipogenesis and energy metabolism [12].

A number of methods have been developed to
follow changes in leptin gene expression both at the
protein and nucleic acid levels. Leptin protein has
been detected and/or quantified in a number of
species using a variety of species-specific immuno-
assay techniques including: radioimmunoassay, en-
zyme-linked immunosorbent assay, Western blot
analysis and immunohistochemical localization [13].
Activity of recombinant leptin has been determined
in vivo by subcutaneous, intravenous or intracerebral
ventricular injections of the purified recombinant
protein with subsequent monitoring of its effects on
cumulative feed intake [6]. Leptin functionality (as
determined by it receptor binding activity) has also
been quantitatively assessed in vitro using a ge-
netically engineered cell line co-transfected with a
leptin receptor isoform (ObRb) and a STAT-induc-
ible promoter regulating firefly luciferase [13].

Assays involving reverse transcription and poly-
merase chain reaction (RT-PCR) are widely used to
study leptin gene transcription, however, only a

limited number of quantitative-competitive RT-PCR
(QC-RT-PCR) assays have been developed to more
accurately assess leptin mRNA levels in human
adipose tissue and cultured mouse adipocytes
[14,15]. A number of investigators have reported on
the utility of capillary electrophoresis with laser-
induced fluorescence detection (CE-LIF) for
semiquantitative and quantitative-competitive analy-
ses of double-stranded (ds) DNA products from PCR
and RT-PCR reactions [16—23].

Although, there are no established analytical meth-
ods for detecting avian leptin protein, two techniques
involving RT-PCR have recently been reported for
the analysis of chicken leptin mRNA [10,11]. Thus,
RT-PCR assays represent the best currently available
method to study leptin gene expression in chickens.
The objective of this study was to develop a CE—
LIF-based assay for the analysis of chicken leptin
dsDNA products from RT-PCR using total RNA
isolated from different tissues. Our goal is to be able
to rapidly identify and quantify leptin amplicons in
RT-PCR reactions using CE—LIF so that an accurate
assessment can be made of leptin gene expression in
tissues obtained from chickens under different phys-
iological conditions (i.e., fasted, fed, etc) or at
various stages of development and from birds sub-
jected to a variety of experimental treatments.

2. Experimental
2.1. Materials

Hydroxypropylmethylcellulose (HPMC, catalog
No. H-7509), estradiol 17-B (catalog No. E-8875)
and porcine insulin (catalog No. 1-5523) were ob-
tained from Sigma (St. Louis, MO, USA). LIFluor
(EnhanCE, catalog No. 477409) and ®X174 DNA,
Haelll digest (catalog No. 477414) were from
Beckman Coulter (Fullerton, CA, USA). YO-PRO-1
(catalog No. Y-3603) and Sybr Green | (catalog No.
S-7585) were purchased from Molecular Probes
(Eugene, OR, USA). All other chemicals used in the
preparation of buffers were analytical grade or better.

2.2. Animals and experimental treatments

All animal studies were conducted in accordance
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with research protocols approved by the Beltsville
Anima Care and Use Committee. Day old broiler
chicks (Shaver Poultry Breeding Farms, Cambridge,
Canada) were raised in brooder batteries until three
weeks of age, at which time they were transferred to
individual cages for at least an additional week prior
to initiating experimental treatments. Four-week-old
male birds were injected im with vehicle (propylene
glycol) or 20 mg of estradiol 17-B dissolved in
vehicle on days one and three. In a second experi-
ment, 12-week-old male birds were injected im with
saline or 200 p.g porcine insulin/kg body mass/day
for a period of four days. Control birds were injected
with vehicle only on the designated treatment days.
On day five, birds from both experiments were
sacrificed and samples of liver and adipose (abdomi-
nal fat pad) tissue were obtained and immediately
frozen in liquid nitrogen. Tissues were stored frozen
at —80°C prior to RNA isolation.

2.3. RT-PCR assay for leptin

Total RNA was isolated from tissue samples using
the Tri-Reagent procedure (Life Technologies,
Gaithersburg, MD, USA). Isolated RNA was quan-
tified using a UV spectrophotometer (Genequant 11,
Pharmacia Biotech, Piscataway, NJ, USA). RT re-
actions (50 pl) consisted of: 5 g total RNA, 100
units MMLV reverse transcriptase (Promega,
Madison, WI, USA), 20 units RNAsin (Promega), 5.5

Forward (Sense) Primer

mM dNTPs, and 10 pmol oligo(dT),, primer. PCR
reactions were performed in a separate 50 p.l reaction
containing: 15 mM Tris—HCI, pH 8.4, 50 mM KCl,
1.7 mM MgCl,, 0.1% Triton X-100, 5 pl of the RT
reaction, 1.25 units of Tag polymerase (Promega),
1.0 mM dNTPs, and 10 pmol each of chicken leptin
and B-actin gene specific primers [11]. RT-PCR was
performed using a commercial thermal cycler
(RoboCycler, Stratagene, La Jolla, CA, USA). PCR
thermal cycling parameters were as follows: 1 cycle
94°C for 4 min, followed by 30 cycles at 94°C for 30
s, 60°C for 30 s, and 72°C for 30 s with a fina
extension at 72°C for 8 min. The products of RT-
PCR were 261 base pairs (bp) (57.5% GC, T,,=
86°C) and 612 bp (50.5% GC, T,,=85°C) for the
leptin and B-actin dSDNA amplicons, respectively.

24. Primers and leptin internal competitor design

Forward (sense, 5'-CGTCGGTATCCGCCAAG-
CAGAGGG) and reverse (anti-sense, 5'-CCAG-
GACGCCATCCAGGCTCTCTGGC) primers were
designed for chicken leptin as described previously
[11]. These primers correspond to bases 134-157
and 369-394, respectively, in the coding sequence
reported for chicken leptin (GenBank Accession No.
AF082500) and they produced an amplicon of 261
bp (Fig. 1). As an internal standard, a primer set
specific for the chicken B-actin gene, was also
included in each PCR reaction for the relative

131 CGTCGGT ATCCGCCAAG CAGAGGGTCA CTGGCTTGGA CTTCATTCCT GGGCTTCACC

191 CCATTCTGAG TTTGTCCAAG ATGGACCAGA CTCTGGCAGT CTATCAACAG| GTCCTCACCA

251 GCCTGCCTTC CCAAAATGTG CTGCAGATAG CCAATGACCT GGAGAATCTC CGAGACCTCC

311 TCCATCTGCT GGCCTTCTCC AAGAGCTGCT CCCTGCCTCA GACCAGTGGC CTGCAGAAGC

371 CAGAGAGCCT GGATGGCGTC CTGG

Reverse (Anti-sense) Primer

Fig. 1. Sequence of the chicken leptin amplicon (261 bp) showing the positions (underlined) of the forward (sense) and reverse (anti-sense)
primers. The numbers to the left reference base pair numbers for the complete coding region of chicken leptin as reported previously
(GenBank Accession Nos. AF012727, AF082500). The shaded box highlights that portion of the sequence (27 bp) deleted to construct a

chicken leptin internal competitor (see Fig. 2).
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quantitation of leptin expression [11]. The chicken primer set designed to produce the leptin target
B-actin primer set consisted of a forward (sense, amplicon (261 bp) was constructed from a plasmid
5'-CAAGGAGAAGCTGTGCTACGTGC) and a re- containing a full length leptin coding sequence clone
verse (anti-sense, 5'-TTAATCCTGAGTCAAGC- [11]. This plasmid can be used to transcribe either
GCC) pair, which, together, produced an amplicon of sense or anti-sense RNAs corresponding to the
612 bp. complete coding sequence for chicken leptin (Fig.

An RNA internal competitor that can be primed 2). The coding region (509 bp) was excised from the
for cDNA synthesis and PCR amplification (234 bp plasmid by EcoRI digestion and isolated by agarose
amplicon, 58% GC, T,=86°C) using the same dlab gel electrophoresis. The recovered fragment,

ECoRI Avall 222

T7 Avall 249
EcoRl Avall 249
EcoRl 1
ChLep >

EcoRl digest

BamHl Avall 252 £cokl
pChLep-TOPO

2 |Avall digest
Avall 222 Avall 249

Kan resistance EcoRlI

I 1 2 3 4 5
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Fig. 2. Procedure used for the construction of a chicken leptin internal competitor by excision (Avall digest) of a 27 bp segment from a
DNA fragment (509 bp) containing the full length coding region for chicken leptin. To generate the construct, TOPO cloning, restriction
enzyme digestion, ligation of the resulting restriction fragments, and subsequent PCR amplification were employed (l€eft). Verification of this
process was achieved by agarose gel electrophoresis with ethidium bromide staining of the restriction fragments corresponding to the leptin
full length sequence, internal competitor, and intermediate products (right). Lanes: 1=isolated DNA fragment (509 bp) from EcoRI
digestion of pClep-TOPO plasmid; 2=products (260 and 222 bp) resulting from the digestion of the 509 bp DNA fragment with Avall;
3=PCR amplified product (482 bp) of the ligated 260 and 222 bp fragments; 4=digestion of the PCR amplified product (482 bp) with Avall
resulting in two DNA fragments of 260 and 222 bp in size; 5=1 kb DNA ladder (Life Technologies, Gaithersburg, MD, USA).
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excised from the agarose gel, was then digested with
the restriction enzyme Avall, which produced three
fragments 260, 222 and 27 bp in size. The 260 and
222 bp fragments were isolated by agarose dab gel
electrophoresis and ligated using T4 DNA ligase.
The resulting ligation product was amplified by PCR
using primers corresponding to the 5’ and 3’ ends of
the leptin coding sequence (sense, 5'-AT-
GGAATTCGCCTTCCATATGCCG; anti-sense, 5'-
TCAGCATTCCGGGCTAATATCC) and subjected
to TOPO cloning (Invitrogen, Carlsbad, CA, USA).
The orientation of the coding sequence and the 27 bp
deletion were confirmed by automated fluorescent
DNA sequencing (ABI 377, Perkin-Elmer Applied
Biosystems, Foster City, CA, USA). The deletion
construct was also designed to continue the open
reading frame and thus delete the codons for nine
amino acids corresponding to amino acids 71-80 in
the leptin protein sequence.

Competitor and full length leptin synthetic RNAs
were transcribed from BamHI-digested plasmids (see
Fig. 2) using T7 RNA polymerase and a MAXI-
script kit (Ambion, Austin, TX, USA). RNA pro-
duced from these reactions was quantified in multiple
dilutions using a UV spectrophotometer (Genequant
I, Pharmacia Biotech). The synthetic RNAs were
diluted to concentrations of 250, 50, 25, 5, and 2.5
amol/ul in nuclease free water. Competitive RT-
PCR samples (50 pl) included 5 pl of synthetic
competitor RNA, random hexamer primers (instead
of oligodT) and for experimental reactions, 5 g of
total RNA. Additional RT reaction components and
conditions were described previously and a separate
reaction was performed for each of the five dilutions
of synthetic competitor RNA. PCR amplifications
were carried out using only the leptin gene specific
primers as described previously. Control RT-PCR
amplifications containing only competitor and full
length synthetic RNAs (250 amol/pl) were con-
ducted for verification of equivalent amplification
efficiencies.

25 CE-LIF

Aliquots (1-2 pl) of RT-PCR samples were
diluted 1:100 with deionized water prior to anaysis
by CE-LIF unless specified otherwise. A P/ACE
5510 (Beckman Coulter) equipped with an argon ion

LIF detector and controlled by P/ACE Station soft-
ware (ver. 1.0) was used for the analysis of al
RT-PCR samples. Excitation of the intercalating
dyes used in this study was achieved at 488 nm and
emission was detected at 520 nm. The CE instrument
was configured for reversed polarity (i.e., cathode on
the inlet side)l. A nSIL-DB-1 coated capillary
(catalog No. 197-1002, J&W Scientific, Folsom, CA,
USA) with a 100 pm 1.D., 0.1 pm film thickness,
and length of 27 cm (20 cm to the detector) was
housed in a P/ACE cartridge (Beckman Coulter) and
maintained at 25°C. The sieving buffer consisted of
0.5% (w/v) HPMC in 1X TBE (89 mM Tris—base,
89 mM boric acid, 2 mM EDTA, pH 8.3). Immedi-
ately prior to use, an appropriate amount of inter-
calating dye: 10 pl of EnhanCE (1 mg/ml stock in
methanol), 10 wl of YO-PRO-1 (1 mM stock in
dimethyl sulfoxide, DMSO) or 2 ul of SYBR Green
| (10 000X concentrate in DMSO) was added to 20
ml of sieving buffer, which was mixed for 15-30
min and degassed by sonnication for 1 min. The
sample injection/run routine was as follows: (1)
prior to the run the capillary was rinsed at high
pressure (20 p.si.; 1 p.si.=6894.76 Pa) for 1 min
with sieving buffer (not subjected to prior electro-
phoresis); (2) diluted (1:100 in deionized water)
RT-PCR samples (100 or 200 .l total volume) were
subjected to electrokinetic loading at 3.0 kV for
5-10 s; (3) separations were performed at a field
strength of 300 V/cm (8.1 kV) for 6 min; (4) at the
end of each run, the capillary was rinsed at high
pressure (20 p.si.) with sieving buffer for an addi-
tional 1 min. At the beginning and end of each day
of use, the capillary was regenerated by rinsing
consecutively with water, methanol, and water again
for 5 min each. The Haelll digest of ®X174 DNA,
which contains 11 different restriction fragments
ranging in size from 72 bp to 1353 bp, was used to
evauate capillary and instrument performance prior
to running actual samples (see Fig. 3 for a typical
separation).

2.6. Data analysis

Peak areas were calculated by P/ACE Station
software (Beckman Coulter). To compensate for
differences in the amount of dye binding to DNA
fragments, which is dependent on fragment length
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Fig. 3. CE-LIF separation of a sample (200 ng/ml) of a Haelll digest of ®X174 DNA containing 11 restriction fragments ranging in size
from 72 bp (peak 1) to 1353 bp (peak 11). The insert depicts a linear regression plot of the integrated peak area vs. size (in bp) of each

fragment.

(Fig. 3, insert), the peak area for the B-actin peak
was multiplied by a factor (261/612) that accounted
for the size difference (in bp) between the leptin and
B-actin amplicons. A corrected leptin/B-actin peak
area ratio was then calculated and used to compare
individual samples. Ratio values are expressed as
mean+=SD and mean comparisons between ex-
perimental treatments were made using a two-tailed,
unpaired Student’s t-test with the level of statistical
significance set at P=0.05.

For QC-RT-PCR, the log of the ratio of the
integrated peak areas for leptin competitor and target
amplicons was calculated. To compensate for differ-
ences in the amount of dye bound, the area of the
competitor peak was multiplied by a factor (261/
234) to reflect the size difference (in bp) between
target and competitor amplicons. Linear regression
analysis of the log of the ratio of corrected com-
petitor/target integrated peak areas vs. the log of the
amount (amol) of competitor added to each reaction
mixture generated an equation that was used to
calculate the amount (amol) of of leptin MRNA

(where log competitor/target=0) present in the total
RNA sample (5 wng) subjected to RT-PCR.

3. Results and discussion
31. CE-LIF technique

The CE—-LIF technique developed in this study to
analyze leptin gene expression is based on previously
published work [16—23]. We used EnhanCE as the
intercalating dye and, in conjunction with a DB-1
coated capillary and HPMC-containing sieving buf-
fer matrix, we were able to separate 11 dsDNA
restriction fragments ranging in size from 72 to 1353
bp in under 6 min (Fig. 3). This separation provides
sufficient coverage for the size range of dsDNA
amplicons (100—800 bp) typically produced in most
RT-PCR reactions [19]. Two fragments, differing in
size by 10 bp (see Fig. 3, peaks 5 and 6), were not
completely resolved. Similar resolution, but shorter
overall separation time, has been reported for X174
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dsDNA restriction fragments when ethidium bromide
was used as the intercalating dye in an acrylamide-
based gel buffer with a shorter (12 cm) DB-1
capillary [24]. Thus, the lower limit of fragment size
resolution for our separation technique appears to be
around 10 bp. A dtrict linear relationship was ob-
served between the amount of EnhanCE bound (as
measured by integrated peak area) and the size (in
bp) of the dsDNA fragment (Fig. 3, insert).

Fig. 4 depicts the separation of an RT-PCR
mixture containing chicken liver total RNA, which
produced amplicons for both leptin and B-actin.
Individual aliquots of this RT-PCR sample were
separated in the presence of three different fluores-
cent intercalating dyes to evaluate their utility in
CE-LIF. Both YO-PRO-1 and SYBR Green |, when
added to the HPMC sieving buffer, resulted in
increased migration times, increased peak resolution,
and increased quantum fluorescence yield for both
amplicons and for the individual dsDNA restriction
fragments of ®X174 (data not shown) compared to

EnhanCE. Similar findings were reported previously
for the comparison of SYBR Green I, YO-PRO-1,
and thiazole orange used in the analysis of dsDNA
restriction fragments and PCR products [25]. The
slower migration (increased migration time) results
from a decrease in the net negative charge of the
dsDNA—dye complex as compared to dsDNA with-
out intercalating dye bound [26]. SYBR Green | dye
produced a specific anomalous effect on the peak
shape of the leptin amplicon. The fronting shoulders
(see arrows Fig. 4) and peak broadening indicate
polydispersity in the leptin dSDNA fragment possibly
resulting from the binding of differing numbers of
dye molecules or the binding of dye molecules to
different sites [27]. This behavior was not observed
for the B-actin dsDNA fragment, which does differ
from the leptin amplicon not only in size, but aso in
its GC content. Because of these observations, we
chose to use the EnhanCE intercalating dye in
developing our CE-LIF analysis of RT-PCR samples
to provide optimum peak shape and separation time.

EnhanCE YO-PRO-1 SYBR GREEN 1
o] Leptin B3-Actin 400 1
300 1
501 300 1 »so |
40
- 200 1
|5£L w0 200 1 “
150 1
207 00 100 1 N
10 1 50 1
L J 1 G R 1 L
4 5 6 7 8 4 5 6 7 8 4 5 6 7 8

Time (minutes)

Fig. 4. CE-LIF of an RT-PCR sample containing 5 g total RNA isolated from an 8-week-old male broiler chicken liver separated in the
presence of three different fluorescent intercalating dyes. The separation buffer consisted of 0.5% HPMC in 1X TBE buffer with 10 wl of
EnhanCE, 10 pl of YO-PRO-1, or 2 ul of SYBR Green | added per 20 ml of separation buffer. All other separation conditions were held
constant except that the total run time was extended from 6 to 9 min to accommodate the effects of the different intercalating dyes on peak

migration times. The leptin and B-actin amplicons are each labeled.
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Although, SYBR Green | and YO-PRO-1, as well as
the dimeric, asymmetric cyanine dyes, such as
TOTO and YOY O, have a very high binding affinity
for dsDNA and produce a marked enhancement in
the quantum yield of fluorescence [25,28], the de-
tection sensitivity achieved using EnhanCE was
found to be sufficient for the analysis of typical
RT-PCR samples.

3.2 Leptin RT-PCR

In the interest of simplifying the analysis of RT-
PCR samples we sought to avoid extensive manipu-
lation of samples, such as centrifugal ultrafiltration
and membrane desalting, as employed by others to
counteract the negative effects of buffer constituents

on sample loading by electrokinetic injection. Sub-
stantial losses of dSDNA have been reported to occur
during centrifugal ultrafiltration [19]. Instead, we
chose to simply dilute the reactions and load them
directly. Table 1 summarizes data collected to evalu-
ate the effects of dilution and sequentia injection
from the same RT-PCR sample (200 pl volume)
containing chicken liver total RNA on the integrated
areas of the leptin and B-actin amplicon peaks and
on their corrected ratio. From this data, it is clear that
the extent of dilution has an impact on the amount of
sample loaded, as judged by the integrated peak area
values for both leptin and B-actin amplicons. More-
over, increasing the dilution led to a small increase
in peak area ratios obtained from the initial injection
of each sample. It is also clear that further injections

Table 1
Effects of dilution and consecutive electrokinetic injections on RT-PCR sample analysis by CE-LIF
Dilution® Injection Leptin (L) B-Actin (A)° L/A Average SD RSD
number peak area peak area ratio (%)
1:20 1 70 452 056 53 188 436 132 1.28 0.05 4.06
2 82 642 968 61 132 962 1.35
3 109 793 648 86 839 258 1.26
4 124 291 200 100 123 312 124
5 117 809 888 95 405 183 123
1:50 1 69 579 488 54 004 339 1.29 1.30 0.11 8.62
2 107 950 696 81 266 195 133
3 155 716 000 130 195 343 1.20
4 164 605 136 135 885 703 121
5 69 837 608 47 344 701 148
1:100 1 90 298 160 67173184 134 1.32 0.115 11.77
2 198 925 088 148 346 477 134
3 137 064 672 120 632 904 114
4 129 112 064 106 141 283 1.22
5 28 074 804 18 172 570 154
1:200 1 105 937 568 73344 814 144 1.24 0.14 11.45
2 226 065 280 177 746 213 127
3 504 170 080 419 432 309 1.20
4 579 814 528 464 681 207 125
5 269 536 960 257 116 757 1.05
1:400 1 9 156 918 6 355 356 1.44 135 0.11 8.24
2 39 899 668 27 251 307 1.46
3 52 904 744 38 444 413 1.38
4 77 539 040 61 567 239 1.26
5 44 752 036 36 956 976 121

# Sample volumes were 200 pl in all cases and each sample was loaded into the capillary by electrokinetic injection for 10 s.

® Corrected peak area.
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beyond the initial one result in progressively increas-
ing amounts of sample being loaded until the point
of analyte depletion is reached (for most samples by
the fifth injection). This is most likely due to the
removal of substances (e.g., ions) impeding the
electrokinetic loading of the dsDNA amplicons.
Repeated electrokinetic injections from the same
sample also significantly affected the leptin/B-actin
ratio such that the RSDs for the average of five
injections exceeded 5% in all but the 1:20 dilution
group. Since the ratios changed upon repeated in-
jections, a variable loading efficiency for the 3-actin
amplicon relative to that of leptin may exist under
these conditions. Guttman and Schwartz [29] ob-
served progressively smaller peak heights resulting
from consecutive electrokinetic injections of DNA
from the same low volume (10—200 wl) of agueous
sample. A comparison of the average of the leptin/
B-actin ratio for the first injection of each dilution
listed in Table 1 (1.37+0.07, RSD=5.16%) com-
pares quite favorably with the average of five
individually prepared samples, each diluted 1:100
(1.34+0.07, RSD=5.42%). This result indicates that
sample preparation is probably the chief source of
variability and that there is some degree of flexibility

in the level of dilution for an effective CE-LIF
analysis. In all subsequent work we chose to routine-
ly dilute RT-PCR samples 1:100 and subject them to
a single electrokinetic injection.

Fig. 5 depicts an evaluation of the number of PCR
cycles relative to the amount of leptin and B-actin
amplicons produced (as judged by integrated peak
areas). It is clear that 30 cycles is contained within
the exponential phase (linear portion of the log—
linear plot in Fig. 5) of PCR for both amplicons.
Furthermore, although the B-actin amplicon is pro-
duced in higher amounts than leptin in all samples,
the kinetics of PCR appear to be quite similar for
both amplicons. Based on these findings, 30 cycles
was chosen for use in all subsequent PCR reactions.
This number of PCR thermal cycles has previously
been determined to be optimal for both leptin and
B-actin amplicons analyzed by agarose slab gel
electrophoresis with ethidium bromide staining [11].

Total RNA was isolated from a variety of tissues
and analyzed for the presence of leptin mRNA. Fig.
6 compares typical RT-PCR results obtained for total
RNA samples isolated from liver, adipose, and
skeletal muscle tissue. It is clear that in chickens
leptin is expressed only in liver and adipose tissue
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o
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-
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32 36 40
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Fig. 5. Plots of the log of the integrated peak areas of leptin and B-actin amplicons as a function of the number of PCR thermal cycles. The
RT-PCR mixture contained 5 p.g total RNA isolated from the liver of an 8-week-old male broiler chicken.
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Fig. 6. CE-LIF separation of RT-PCR samples containing 5 pg total RNA isolated from liver, adipose (abdomina fat pad), or skeletal
muscle tissue collected from 8-week-old male broiler chickens. The leptin and B-actin amplicons are each labeled.

with no detectable expression in skeletal muscle or
any other tissue studied so far [11]. The high level of
hepatic leptin expression is consistent with previous
findings and indicative of the important role that the
avian liver plays in the regulation of lipogenesis and
energy metabolism [12]. Moreover, unlike mammals
where leptin is primarily expressed in white adipose
tissue it appears that in birds the primary site of
leptin expression is liver and to a lesser extent
adipose tissue [10,11]. This fact was confirmed by a
comparison of the ratio of the integrated peak area of
the leptin amplicon to that of B-actin. This ratio has
been used previoudy to quantify avian leptin gene
expression by RT-PCR and agarose slab gel electro-
phoresis with ethidium bromide staining [11]. Simi-
larly, a recent report demonstrated the utility of a
coamplified internal standard (cyclophillin) for rela
tive RT-PCR quantitation of sodium channel subunit
mMRNAs using multiplexed CE-LIF with primer
dropping [22]. Therefore, in our initial studies, we
have chosen to use the leptin/B-actin ratio as a quick
and convenient method for comparing leptin expres-
sion among different tissue RNA samples.

3.3 Effects of estrogen and insulin treatment on
leptin gene expression

Fig. 7 shows a comparison of leptin expression in
liver and adipose (abdominal fat pad) tissue samples

from 4-week-old male broiler chickens treated with
estrogen. Estrogen treatment resulted in a decrease in
leptin expression in both liver and adipose tissue of
approximately 1.5-fold. This decline was significant
(P<0.05) for liver. Conversely, insulin treatment of
12-week-old male broiler chickens resulted in in-
creases of leptin expression in liver and adipose
tissue of 2.2- and 1.4-fold, respectively (Fig. 8).
Again, only the increase in liver was determined to
be significant (P<<0.05). There is substantial evi-
dence in mammals to indicate that insulin regulates
leptin expression in white adipose tissue and that this
hormone appears to be a primary factor [6]. The
results of this study agree with a previous report of
the effects of insulin and estrogen on leptin expres-
sion in chickens from our laboratory [11] and further
indicate that the liver appears to be more responsive
to hormonal regulation of leptin expression than does
adipose tissue. In fact, it has been suggested that in
chickens basal expression of leptin in adipose tissue
is aready at or near maximal levels or the mecha-
nism governing its expression is different from that
in liver [11]. Either of these two scenarios could
account for the differential level of leptin expression
in liver vs. adipose tissue observed in this study.
Comparing the leptin/ B-actin ratios for both liver
and adipose tissue from the different aged (4 or
12-week-old) birds used in this study suggested an
increase in leptin gene expression with age (compare
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Fig. 7. The effects of estrogen (20 mg of 17B-estradiol injected im) on leptin expression in liver and adipose (abdominal fat pad) tissue
obtained from 4-week-old male broiler chickens. The ratio of leptin to 3-actin amplicons (corrected for size difference) was used to quantify
the relative level of leptin expression. The asterisk indicates a statistically significant difference (P<<0.05) for the mean comparison of
treated vs. control samples.
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Fig. 8. The effects of insulin (200 pg porcine insulin/kg body mass/day im for a period of four days) on leptin expression in liver and
adipose (abdominal fat pad) tissue from 12-week-old male broiler chickens. The ratio of leptin to B-actin amplicons (corrected for size
difference) was used to quantify the relative level of leptin expression. The asterisk indicates a statistically significant difference (P<<0.05)
for the mean comparison of treated vs. control samples.
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liver and adipose tissue control values in Figs. 7 and
8). The effect of age on leptin expression in liver and
adipose tissue is currently being investigated by our
laboratory. We have aso applied RT-PCR-CE—-LIF
to the analysis of leptin expression in liver and yolk
sac tissues taken from chick embryos at different
stages of their development [30]. Thus, RT-PCR—
CE-LIF offers a rapid means for assessing relative
changes in leptin gene expression in response to
experimental treatments, stage of development, or
changes in physiological state.

3.4. Quantitative-competitive RT-PCR assay for
leptin gene expression

A number of investigators have pointed out the

S 1

potential pitfalls of generating non-reproducible or
inaccurate estimates of mMRNA levels by the use of
relative or semi-quantitative RT-PCR analysis meth-
ods [19,23]. This criticism is applicable to both
conventional agarose slab gel electrophoretic and
CE—-LIF analyses. Although, QC-RT-PCR methods
are difficult to develop and conduct, they do offer
one of the most accurate ways to directly quantify
MRNA levels. In order to achieve more accurate
estimates of leptin gene expression, we have con-
structed a specific chicken leptin internal competitor
that produces a 234 bp amplicon that is 27 bp
smaller than the target amplicon (261 bp) and cloned
it into an expression vector for the production of
synthetic RNA (see Fig. 2). The same gene-specific
primer set can be utilized to generate both the
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Fig. 9. A comparison of agarose slab gel electrophoresis with ethidium bromide staining (top) and CE-LIF separations of dsDNA chicken
leptin amplicons (target=261 bp; competitor=234 bp) produced by RT-PCR amplification of synthetic RNAs (250 amol/l) transcribed
from the full length coding sequence (target) and the 27 bp deletion construct (internal competitor) plasmids (see Fig. 2 for details). Depicted
in the agarose slab gel separation are: Lanes: 1=5 pl competitor RNA; 2=3.8 pl competitor and 1.2 pl full length RNAs; 3=2.5 pl each of
the competitor and full length RNAs; 4=1.2 .l competitor and 3.8 pl full length RNAS; 5=5 pl full length RNA. Molecular mass standards
are shown ét the top left (lane S). Below are the corresponding samples (lanes 1-5) separated by CE-LIF. A 1 min section (4-5 min) of the
CE-LIF electropherogram for each sample is shown with the numbers corresponding to the lane (sampl€) numbers depicted in the agarose

slab gel separation shown above.
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chicken leptin target and competitor amplicons. Fig.
9 depicts a series of control reactions containing
differing amounts of full length and competitor
synthetic RNAs subjected to RT-PCR and analyzed
by agarose dab gel (2%) electrophoresis with
ethidium bromide staining and by CE-LIF for
comparison. The separations depicted indicate that
the CE-LIF separation method is more than
adequate for the analysis of typical RT-PCR samples
in a quantitative-competitive mode.

Because QC-RT-PCR offers the potential for a

Liver

more precise estimate of leptin mRNA, this type of
analysis may be particularly suited to assess subtle
changes in leptin expression, such as those most
likely to occur in adipose tissue. To demonstrate this
samples of liver and adipose tissue total RNA (5 p.g)
obtained from 8-week-old male broiler chickens
were subjected to RT-PCR in the presence of five
different levels of competitor RNA. Aliquots of the
reactions were then subjected to analysis by agarose
dlab gel (2%) electrophoresis and CE-LIF (Fig. 10).
Using linear regression anaysis of CE-LIF derived
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Fig. 10. QC-RT-PCR analysis of total RNA (5 pg) isolated from liver and adipose tissue samples obtained from 8-week-old male broiler
chickens. In addition to the total RNA, reactions also contained 1250, 250, 125, 25, or 12.5 amol of competitor synthetic RNA (lanes 1-5,
respectively) and a portion of the each reaction was separated by agarose slab gel electrophoresis with ethidium bromide staining (top). A
portion (2 pl) of each sample was also diluted (1:100) and subjected to CE—LIF separation. CE-LIF was sufficiently sensitive to detect
small amounts of target amplicons present in lane 1 (both liver and adipose tissue samples) that were not apparent in the ethidium bromide
stained agarose slab gels. The integrated peak areas were determined for the ratio of competitor and target amplicons (corrected for the size
difference between competitor and target). The log of this ratio was plotted against the log of the added amount of competitor RNA and
linear regression analysis was used to calculate the amount of leptin mRNA (in amol) contained in the original RNA sample (5 Q)

subjected to RT-PCR as indicated on each plot.
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data, a plot of the log of corrected competitor/target
integrated peak areas vs. the log of competitor added
to the reaction mixture (amol) was used calculate the
amount of leptin mMRNA contained in the 5 pg
sample of total RNA analyzed. The results indicated
that leptin expression in liver is twice that of adipose
tissue (56.7 vs. 28.1 amal), thus confirming a higher
basal level of leptin expression in liver vs. adipose
tissue. This is also remarkably similar to a com-
parison of liver and adipose tissue leptin/B-actin
ratios determined from the relative quantitative RT-
PCR technique discussed previously (2.21 at 4 weeks
and 2.74 at 12 weeks; for control values in Figs. 7
and 8).

4. Conclusions

This study is the first to report on the application
of CE—LIF to the analysis of leptin gene expression
as measured by RT-PCR. We have developed a rapid
(<6 min) separation method involving CE-LIF to
detect and quantify amplicons for leptin and B-actin
amplified from chicken liver and adipose tissue total
RNA samples. By determining the level of leptin
amplicon relative to that of B-actin, we were able to
assess the effects of hormonal treatment on leptin
gene expression in the liver and adipose tissue from
male broiler chickens. We have also developed and
evaluated the necessary reagents (internal competitor
for chicken leptin) for developing a QC-RT-PCR
assay for leptin expression with CE—LIF detection
and quantification of the amplified sequences. Since
no techniques currently exist for the measurement of
chicken leptin protein, QC-RT-PCR—CE-LIF repre-
sents a promising method by which to accurately
assess leptin gene expression in chickens. This is
especialy true for adipose tissue where incremental
changes in leptin expression are expected to be small
as compared to liver.
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